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IN’J’ROI)UC’1’1ON

The NASA’s lkcj  I !ilt:[ L l’JI[work  has ii IIc:cd for a lmll(i frequency horn
for simul[ancous  X/X/Ka. iIaII,i ty N 1 ,itio]}  in a bc.am wavff:lliclc antenna. ~’hc mu!ti
frequency horn will I c<.c ii’c >;-l)~lid  dm):]llil)k  (8.~1-8.S GIIY) a n d  K a - b a n d
ctownlink (3 1.8-32.3 C;) 17,), atit! I]ansmi[ X-t)a[ld u])liii!.  (“/.145-7.2.35 GIIz)
signals simultancous]y. “1’1]( IN) III is dcsi~nc.ct  foJ cirllllwl]y  p o l a r i z e d  w a v e
opmalion.  Ijow loss (noise) atd  h~@ lmucr (up to 20 Lilmvatts) cqwration  arc
consider-cd in [Ilc tmrll (lcsi~’,ii,

‘1’IIc  XM/Ka-lmTi(i  1}01 ~, ]i ;i {oln~lltm  apc]u]lc  COI1 []I::IIc.cI lmrn (f:igur-c  I ) .
“1’hc three fl-cqucncic.s  art iilj) [j(l(l[ll)lll  k) (lifl”cr(rl[  [);ir[~ o f  It)c corlirllor)  a p e r t u r e

horn. ‘1’hc Ka-band  (lov,iIIIIl 1) II( i s  a[ [Ilc [Ilro:([ o f  [tic Imin w h e r e  tt)c
corrup,ations  arc shallow!. ‘l’lit II(): II I. grwlually  t:ipc]cd  Ill) 10 a cmugalcd  s t r a i g h t
section which is cutoff {or X I);lrl(l ll]llink. ‘1’}m X. I)and doufr[lirlk is e.x[ractcc{ from
this straighl section.

The X-band d(nv[ili[ll( i[l]]~li ,junctio[ls  consist  of fol)r rectangular- ports
. .lntcrscctlng a cyllndcl.  1 w’() ~)(lr  I\ z,. lomlrxi  180 dcj:l ccs a])ar [ it] mlcr [0 cancel

out t}m hig})cr  order  IIIO:lCS jI,c[I ]ill~(i ;I[ the juilcti(ui. A sccorId  I]air of [) OIIS, located
90 dcgrccs  with rcslxx[  to [)1:.. (I[ :t pair of” potts, ale. Iwcc.ssmy for circular
polarization. The X-ham{ dcm’i)l  ink ]),)IIs inclulc a Kii-bard  cliokc.  ring to stop Ka-
band leakage and matc}lin~,  iris~.s to I i.ctucc tlrc rc.[i.m] loss. ‘1 ‘he. Imrn is gradually
tapered up to a 14-dcgtc.c  lmlf f ial ( at III,Ic. The X-1.)arid  Ll]dirlk  four-port junction is
located at a circular wave.gui(ic J;iI~’,c.r than [l~c. con u~,atcxi straip.llt  section, which is
cutoff for X-band u~dil~k.  ‘J’IK X lI;iIId uplink pm [s inclurlc  onc Ka-band choke,
two X-band downlink  cl]okcs  w(1  X-!~;:nd  u]dir]k I]latcllin~  irises.

The shallow cm I u(’,a[io,,<  sI(; l;mt {hr. 1 It.ll In(xk foI Ka-band and  arc
clcctromagnctical]y  m.al ly irli’i..il )Ic. [O botl]  lhc X bar~(i  dmvlliil]k a n d  up]ink
signals, which arc J)rc(ioll]ir]arl[lj” 1:1 the “1’1{11  II I(dc. JUS[ Iwyond the X-band
uplink injection point (liar is an X- t):t  I I(i  nmdc col)vc.I  [a 1[ is [c.quirc.d  to convert
[hc X-band uplink and ck)wr~l)r]),  sij~ll;~ls  fr(m] ‘l’El, (o 1111,,  vti[ll  low rl~isrnatcil.  In
addition, [hc X-banci  Inoclc corlv{.~tt:~  rnusi Ilot dis[url) tt]c established Ka-band
IIIlrl mode or cause Illi<rlia[c]), III t);{icr 10 sll]q)ort  ttlc Iii’,l  r[lwlc. at tticse three
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“1’hc  lI]odc  conv(r  (CI (01 .i.1~  iIi a se. I ics of stc])lxcl  p,Ioovc.s.  “1’}mc  arc (wo
diffcrcnl  ctcpths  in cacl] stclyx’t  1 ~: r ~~( ,VC, a dmp sI{:])  foll(m’c(]  by a shallow step.
l’hc width of [hc deep stc]] of Iilt  sc /I,~oovcs  8tadually  i[l~I~.i+\~.s 10 the full width,
w h i l e  the width of t}lc slia!]ou” <[(~)  (h’~r(.it~C\  to ZC.10  wid(h (sc.c rl~odc convcflcr
section of I:igurc 1). ‘I”llis ]MOli(lC> ,4 nlatclml  (rallsiliwt fol all [I]rcc frcqucncics
while Wainirrg  the II IOCiC (llaI, [(risrii:  of the Ka-band si~(]~l arlcl providing the
ncccssary  X-band nmdc.  c(}rl\’(rsiorl (“J-J {,, to ) II ~1 ,). ‘1’radi[ior]ally the stc.ppcd
grooves, which  arc Jw.liod]t [’I (I;)\J{s will] (ons[arl[  dirlicnsions,  w e r e .  u s e d  t o
SLlpJX)ft t]lC ]]];.,, mortcs at 1)1111’i]llr  lt Lqucrwy bal~tls ( 1 ]. )!] Il]is design stc.ppcd
~roovcs,  with continuous v,al>ill~’,  (Iirlwnsiorls, arc used to suIq)cM[ the 111{,, mode
at Ka-band,  and convc!i tlw. X 11.~li(!  []lJink and dow]lli]lk si~:l]:tls  f~om [hc Tlill [o
111111 mode,

“1’hc analysis is havxl  (]11 th. rll de rl]atcliing  IIrc.[lIod [?]. ‘l”iic tlorn patterns
and tl)c rctum loss arc talc-{Il;iIId IISI I Ig (IIC circular wave--j;~lidc rnodc matching
prc)gra m. The calculakd  lNI1 [C I I IS fin syrt]rl]c.[rical  v;itl)  cross lxdari7,ation  l o w e r
than -35 d]] at .32, 8.45 a[ld ‘/,2 t ;1 Iz, I,spcctivcly  (I;igurr. ?4 ).

CONCI.LJSION

“J’hc analysis of [lIC X/,X/l ~ H {)iiiti 1101 II slmws Sy]]lrr]cll  I(. ta(iia[ic)n  pattcms
with low cross polariz.a{io[),  ‘1’ttc ])r(.~~t):}jx  of t})is dcsi~,[l  }Ias IKOII fat)ricatc.d.
Mcasurcmcnts  of the actual jKIi OI II I;III( ( in all (lIrcc fmqmrlcy I):irds will bc
~~n~p]e.tcd.  The Ka-bar~d  (Iuv.’l)li[iti  ~to:  I aIId [Ilc X-t)iir)d dowIIli IIk jl]r]c[ion will Lrc

in cryogenic package for IOWI rloi~r it’ll  !J the. 1)0111 is iniple.lj]cr][cd  in NASA’s bcarn
wavcguidc  arrtcnnas.

A(:l(N()!iJ1.ltl)  GhlltN’l’

‘II]c research dcscrit~’.(,i  ill [Ilis }]i]~l was ci_iI ric.d OUI aI IIIC. Jet Propulsion
I,abora[ory, California lr]<titl~tc  (.lT ‘]’~i ljI)olo~y,  under a coritlact wit}) the National
Aeronautics ancl Space Adll]itlis\.1.]liL)l  I The (lay supcrconlputc.r  used in this
invcstif,ation  was provic!cd  1)~~ lt)]id)rtj: I torn  t}}c NASA off]ccs of hfission  to Phtnct
Ihrth,  Aeronautics, and SIM’C SC ic]lcc

1. A. Abe, R. Iwata, and 1 hflori ,’ hlul(}. fr-cque.rlcy lla[d (l)rl(l~:atc.ct  Conical
Horn,” 1987  IEEE Itjtctti(i[i(,r~(! 1 A} ‘.K $v~i~m.sirfrri  lli~c.s[, ]q). 688-691,
Blacksburg, VA, JUIIC.,  19S”/.
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Wave.guides,” lhe Itilc(orwti [vi ti{i[ioti Y md IXita A cquis ition l’to~rc.w h!cpor[
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